Background: Healthcare workers (HCWs) have a high risk of tuberculosis (TB) infection. Since August 2017, Korea has mandated the testing of latent TB infection (LTBI) and recommended treatment from HCWs at medical institutions. However, the acceptance/ completion rate and adverse events of LTBI treatment have not been analyzed. Materials and Methods: From February to August 2017, we conducted a retrospective study at a referral university hospital in Korea, to screen the interferon-gamma release assay (IGRA) tests conducted for all HCWs for detecting and treating LTBI. HCWs diagnosed with LTBI were offered a 9-month isoniazid (9H), 3-month isoniazid/rifampin (3HR), or 4-month rifampin regimen. We investigated the acceptance/completion rate, adverse events, and causes of discontinuation or change in LTBI medication. A major adverse event was one wherein a patient had any adverse event ≥grade 3 causing LTBI treatment interruption. Results: Of the 1,538 HCWs, 1,379 underwent IGRA testing for LTBI. Among them, 13.6% (187/1,379) tested positive and 73.3% (137/187) received treatment. The overall completion rate was 97.8% (134/137). HCWs were significantly more likely to complete first-line therapy with 3HR than with 9H (91.4% vs. 76.7%, P = 0.02). The most common major adverse event was hepatotoxicity (n = 7), followed by thrombocytopenia (n = 1) and anaphylactic shock (n = 1). Hepatotoxicity and hepatotoxicity (≥ grade 2) were more frequent in 9H than in 3HR (39.5% vs. 17.2%, P = 0.006 and 18.6% vs. 3.7%, P = 0.005, respectively). The median time to hepatotoxicity was 96 days (interquartile range, 20 -103 days). Conclusion: Completion of first-line therapy for LTBI is more likely with 3HR than with 9H. This might be related to the development of hepatotoxicity after around 3 months of treatment. Anaphylactic shock and platelet count should be carefully monitored in those receiving rifampin-containing regimens.
INTRODUCTION
Healthcare workers (HCWs) form a high-risk group having contact with patients with active pulmonary tuberculosis (TB) [1] . The annual conversion rate of latent TB infection (LTBI) among newly hired HCWs was at least 3% [2, 3] . When in contact with patients with active TB, the 3-month conversion rate of LTBI was 9.2% [4] . Therefore, many national policies and guidelines recommend that HCWs should be included in LTBI screening programs [5, 6] . The prevalence of LTBI based on analyses using the interferon-gamma release assay (IGRA) is 16-18% for existing HCWs in Korea [7, 8] . Since 2017, in accordance with the Tuberculosis Prevention Act, the government of Korea has paid for LTBI screening and treatment for HCWs [9] . Accordingly, the screening and treatment of LTBI has become mandatory for HCWs in Korea.
Currently, the recommended treatment regimens for LTBI include 9 months of daily isoniazid (9H), 3 months of daily isoniazid plus rifampin (3HR), and 4 months of daily rifampin alone (4R). Since 2011, the Centers for Disease Control and Prevention has recommended the rifapentine plus isoniazid regimen for 12 weeks under directly observed therapy (DOT) for the general population [10] . The rifapentine plus isoniazid regimen has been a substitute to the LTBI treatment regimen with a higher completion rate in HCWs even when not utilizing DOT in the United States [11] . However, this regimen is not available in Korea.
Moreover, limited data were available on the acceptance/completion rate and adverse events associated with the available LTBI treatment regimens in Korea [12] . Therefore, the aim of this study was to investigate the acceptance rate, completion rate, characteristics of adverse events by regimen, and rate of discontinuation of LTBI treatment owing to adverse events among HCWs in Korea. In addition, we reviewed our institution's experience on the followup intervals for monitoring compliance and adverse events during LTBI treatment according to the different regimens.
MATERIALS AND METHODS

Study population
This study was conducted at a 734-bed referral hospital located in Seoul, Korea. The study protocol was reviewed and approved by the Institutional Review Board of Soonchunhyang University, Seoul Hospital (approval No. 2018-08-008). Informed consent was waived by the board.
Since 2017, the government of Korea has paid for LTBI screening and treatment for HCWs [9] . From February to August 2017, we screened the IGRA tests conducted for all HCWs to detect and treat LTBI and excluded HCWs with a history of TB or LTBI treatment and a previous positive tuberculin skin test result.
Study protocol and data collection
We retrospectively investigated age, sex, professions, comorbidity, TB or LTBI treatment history, and TB risk classification of the HCWs. TB risk classification was as follows: the first group was of HCWs working in the department that examine, diagnose, and treat patients with respiratory TB (e.g., pulmonary/infection clinic, respiratory/TB ward, emergency department, medical intensive care unit, bronchoscopy suite, and TB-related laboratory); the second group was of HCWs who served immunocompromised patients (e.g., in an organ transplantation unit or newborn nursery); the third group was of HCWs in regular contact with patients with a low chance of contact with patients with respiratory TB; and the fourth group was of HCWs who do not have contact with patients. All HCWs who were IGRA positive were interviewed by one pulmonologist. An IGRA, the QuantiFERON-TB Gold in-tube test, was performed according to the manufacturer's instructions. A positive result was defined as an interferon concentration ≥0.35 IU/mL and ≥25% of the negative control [13] . Plain chest radiography or computed tomography (CT) was performed to exclude active pulmonary TB. If necessary, sputum acid-fast bacilli staining and culture were performed at least twice to exclude active pulmonary TB.
Three treatment options of LTBI are available in Korea: isoniazid (5 mg/kg/day; maximum 300 mg/day) mono-treatment for 9 months (9H), isoniazid/rifampin combination regimen for 3 months (3HR), and rifampin mono-treatment for 4 months (4R). Rifapentine is not yet available in Korea. The HCWs' medical history and drug interactions were investigated, and they were allowed to select their preferred treatment regimen. Basal complete blood count and liver function test were performed before LTBI treatment. The first follow-up blood tests were performed within approximately 2 -3 weeks after starting medication; treatment compliance and adverse events were also investigated at this time point. If compliance was good and adverse events were absent, the follow-up interval was changed to 2 or 3 months.
All adverse events were graded using the National Cancer Institute's Common Terminology Criteria for Adverse Effects (CTCAE) version 5.0 [14] . The definition of hepatotoxicity was based on increased alanine aminotransferase (ALT) levels, and the severity of hepatotoxicity was classified according to the CTCAE [13, 14] . During treatment, if HCWs had an ALT level five times the upper limit of normal or an ALT level three times the upper limit of normal together with nausea, vomiting, abdominal pain, jaundice, or unexplained fatigue, after excluding other liver problems, their LTBI treatment was interrupted [15] . A major adverse event was defined as one wherein a patient had any adverse event ≥grade 3, which caused LTBI treatment interruption.
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows/Macintosh, Version 21.0 (IBM Corp., Armonk, NY, USA). Categorical variables were compared using the chisquare or Fisher's exact test, as appropriate. Continuous variables were compared using the Mann-Whitney U-test. Variables with P value ≤ 0.05 were considered significant.
RESULTS
The total number of HCWs was 1,538 in August 2017. HCWs with a previous history of TB treatment (n = 50), LTBI treatment (n = 40), or positive tuberculin skin test result (n = 12) and those not tested using the IGRA (n = 57) were excluded. Detailed characteristics of the HCWs included are shown in Supplementary Table 1 . Finally, 1,379 HCWs were tested for LTBI using the IGRA test; among them, 187 (13.6%) tested positive for IGRA. Their median age was 46 years (interquartile range [IQR], 39 -52 years), and 64 (34.2%) were men ( Table 1) . IGRA positivity increased significantly with increasing age (P <0.001) ( Supplementary Table 2 ). Additional examinations for excluding active pulmonary TB were performed in 9 and 3 HCWs using chest CT and sputum acid-fast bacilli stain/culture, respectively. None of the HCWs had active TB. The overall acceptance rate of LTBI treatment was 73.3% (137/187) (3HR: n = 81 [59.1%]; 9H: n = 43 [31.4%]; and 4R: n = 13 [9.5%]) ( Table 1 and Fig. 1 ). The acceptance rate was significantly higher among nurses than among doctors (85.7% vs. 55.9%, P < 0.001) or other HCWs (85.7% vs. 66.7%, P = 0.002).
Among the HCWs who agreed to receive LTBI treatment, the overall completion rate was 97.8% (134/137). The completion rate of first-line therapy was 86.9% (119/137). In total, 15 HCWs required a change in their LTBI regimen before completing the treatment. HCWs were significantly more likely to complete first-line therapy with 3HR than with 9H (91.4% vs. 76.7%, P = 0.02). Adverse events and treatment outcomes according to the LTBI treatment regimens are shown in Table 2 and 3.
Adverse events according to treatment regimens are shown in Supplementary Table 3 . In total, 31 (22.6%) HCWs had hepatotoxicity as an adverse event; among these, 11 (8 HCWs in 9H and 3 in 3HR) had ≥ grade 2 hepatotoxicity. No difference was observed in hepatotoxicity incidence according to the age groups (P = 0.77) ( Supplementary Table 4 ). Hepatotoxicity and hepatotoxicity (≥ grade 2) were more frequent in 9H than in 3HR (39.5% vs. 17.2%, P = 0.006 and 18.6% vs. 3.7%, P = 0.005, respectively). None of the HCWs on 4R showed hepatotoxicity. The median time to confirmed hepatotoxicity was 96 days (IQR, 20-103 days). Approximately one-third (32.3%, 7/31) of hepatotoxicity cases was documented within 1 month. Hepatotoxicity ≥grade 2 cases were documented at a median of 97 days (IQR, 21-105 days). Hepatotoxicity ≥ grade 2 were documented within 1 month in 3 of 11 HCWs (13, 20, and 21 days). After 132 days of LTBI treatment, one HCW had grade 2 hepatotoxicity in 9H regimen. Major adverse events occurred in nine HCWs (seven receiving 9H, one receiving 3HR, and one receiving 4R). The most common major adverse event was hepatotoxicity (n = 7), followed by thrombocytopenia (n = 1) and anaphylaxis (n = 1) ( Table 2) . A detailed profile of adverse events that caused a change in or discontinuation of TB medication is shown in Table 4 .
Comparison of LTBI treatment regimens
DISCUSSION
In the present study, the overall acceptance rate was 73.3% and completion rate was 97.8%, among HCWs who accepted LTBI treatment. The completion rate with the first-line therapy regimen was significantly higher with 3HR than with 9H. Approximately half of the HCWs (47.4%, 65/137) experienced adverse events, and major adverse events occurred in 6.6% (9/137). Hepatotoxicity was documented in 22.6% (31/137), and seven HCWs had to change or discontinue their LTBI treatment; all of these seven HCWs were in the 9H group. Treatment interruption occurred at a median of 92 days after LTBI treatment initiation (108 days in 9H Notably, the completion rate was very high irrespective of the LTBI treatment regimen. Only three HCWs discontinued LTBI treatment; among them, one discontinued treatment because of non-compliance. Limited comparable data were available regarding the acceptance or completion rate of LTBI treatment among HCWs in Korea [12] . According to previous studies, the acceptance rate of LTBI treatment ranged between 39% and 84%, with the completion rate ranging between 69% and 91% [16] [17] [18] . At the study institution, one pulmonologist performed all LTBI diagnosis and treatment. Moreover, an outpatient clinic nurse left important text messages or placed phone calls during regular visits in the absence of DOT. This result was consistent with that of a previous 360 https://icjournal.org https://doi.org/10.3947/ic.2019.51.4.355 At day 85 of 3HR treatment, a decreased platelet count below 5,000 mm 3 was identified. 9H, 9-month isoniazid; 3HR, 3-month isoniazid/rifampin; 4R, 4-month rifampin; IQR, interquartile range; NA, not applicable; ALT, alanine aminotransferase; ULN, upper limit of normal. randomized control study comparing self-administrated versus directly observed once-weekly isoniazid and isoniazid/rifapentine treatment for LTBI. Self-administrated treatment with/without a reminder was not inferior to DOT [18] .
Comparison of LTBI treatment regimens
There is a paucity of data on the reasonable frequency of visits to monitor adverse events [19] . The American Thoracic Society recommended baseline and follow-up visits for patients with a possible liver disorder, symptom or sign of hepatotoxicity, or age >36 years [15] . In a previous study, among 3,377 patients receiving LTBI treatment with isoniazid, the number of hepatotoxic events after 1, 3, and 6 months was 2.75, 7.20, and 4.20 per 1,000 patients, respectively [20] . In the present study, hepatotoxicity was documented at a median of 96 days. Approximately one-third (32.3%) of hepatotoxicity cases was documented within 1 month. Hepatotoxicity (≥ grade 2) cases were documented within 1 month in 3 out of 11 HCWs (13, 20, and 21 days). These findings suggest that follow-up after treatment initiation is necessary at least within a range of 1 -3 months. However, we could not confirm the usefulness of the 2-month follow-up test because we did not perform this test.
Among HCWs receiving rifampin-containing LTBI treatment regimens, three receiving 3HR had hepatotoxicity (≥ grade 2). However, we did not discontinue or change the first regimen because of the short treatment duration. If a hepatotoxic event occurred in the late phase of treatment, a physician can decide to continue LTBI treatment. Among HCWs receiving 3HR, four of seven discontinued or changed the regimen because of gastrointestinal discomfort, and the remaining three discontinued because of decreased platelet count, dyspnea, and urine color change. Therefore, HCWs receiving 3HR require careful monitoring. In our study, the median time to a change in medication was 23 days. In a previous study on patients receiving LTBI treatment with anti-tumor necrosis factor, the mean time from treatment initiation to regimen change was 117 days in the 9H group, 39.1 days in the 3HR group, and 30.1 days in the 4R group [21] . Therefore, a 1-month follow-up is necessary after initiating treatment with a rifampin-containing regimen.
